The Xenopus p27
Introduction
Following neural induction, neuroepithelial cells gradually differentiate into neurons and glia. In amphibians, a number of cells differentiate very early into primary neurons. Studies in recent years have shed some light into the genetic cascade that governs neuronal differentiation, by identifying genes that promote it as well as genes that inhibit it (reviewed in Sasai, 1998; Chitnis, 1999; Kintner, 2002) . However, there is still much to be learned about how neurogenesis is co-ordinated with other processes that take place at the same time. For example, neurogenesis must be co-ordinated with cell cycle exit, as differentiated neurons are post-mitotic.
The cell cycle in eukaryotes, is controlled positively by cyclins and CDKs and negatively by CDK inhibitors which bind and inactivate cyclin-CDK complexes (reviewed in Sherr and Roberts, 1999; Vidwans and Su, 2001 ). In the vertebrate central nervous system (CNS) and in the retina, differentiating cells express a number of cell cycle inhibitors (Hardcastle and Papalopulu, 2000; Dyer and Cepko, 2001a,b; Calle-Mustienes Ede et al., 2002; see Hollyday, 2001 for review). Furthermore, there is now evidence from several systems that certain transcription factors, many of which are highly localised in the embryo, can regulate the expression of cell cycle inhibitors and co-ordinate cell cycle exit with neural specification or cell type identity (Dubreuil et al., 2000; Hardcastle and Papalopulu, 2000; Calle-Mustienes Ede et al., 2002; Farah et al., 2000) . Recent evidence from work in the retina, suggests that some cell cycle inhibitors themselves may impart cell-type specificity to the differentiation event (Ohnuma et al., 1999; Dyer and Cepko, 2001a) .
Understanding the role of cell cycle inhibitors in neuronal development, requires a combination of loss and gain of function approaches.
X. laevis p27 Xic1 belongs to the Cip/Kip family of CDK inhibitors (Su et al., 1995; reviewed in Sherr and Roberts, 1995) . In the Xenopus neural plate, it is expressed in nonproliferating cells in a similar pattern to that of N-tubulin, a marker of differentiated neurons (Hardcastle and Papalopulu, 2000) . Overexpression of p27
Xic1 delays or decreases proliferation in the embryo (Hartley et al., 1997; Hardcastle and Papalopulu, 2000) . We have previously shown that overexpression of p27
Xic1 is not sufficient to induce ectopic neurogenesis, suggest that co-operating proneural factors are also needed (Hardcastle and Papalopulu, 2000) . In a similar experiment, Vernon et al. (2003) , have found a small increase in primary neurons within the normal domains of neurogenesis. The difference in results is likely to be due in the amount of p27
Xic1 RNA used for misexpression, suggesting that the dose of p27
Xic1 is critical (Vernon et al., 2003) . Here we investigate the role of p27 Xic1 in neuronal differentiation by a loss of function approach.
Antisense MOs are an effective tool in inhibiting gene function in Xenopus. (Heasman et al., 2000; Heasman, 2002; Nutt et al., 2001 ). However, their use in X. laevis is complicated by two factors. First, X. laevis is allotetraploid and indeed, X. laevis has two sequence-related p27 paralogs, p27
Xic1 and p28 Kix (Su et al., 1995; Shou and Dunphy, 1996) . Second, most Xenopus colonies are outbred, and sequence polymorphism can compromise the effectiveness of any given MO (Piedenburg, O. and Smith, J. personal communication, own unpublished observations) . This is because a single mismatch can be sufficient to reduce the effectiveness of the MO (Khokha et al., 2002) .
To circumvent these problems, researchers are increasingly turning to X. tropicalis as an alternative amphibian model system using a range of methodologies, including antisense MO injections (Amaya et al., 1998; Offield et al., 2000; Nutt et al., 2001; Polli and Amaya, 2002; Khokha et al., 2002; Hirsch et al., 2002; D'Souza et al., 2003) . Unlike X. laevis, the genome of X. tropicalis is diploid (Amaya et al., 1998) . Furthermore, the ongoing X. tropicalis EST project (http://www.sanger.ac.uk/Projects/X_tropica-lis/) allows several cDNA clones for each gene to be compared and this is invaluable in identifying sequence variations, including possible polymorphisms (M. Gilchrist, personal communication).
Here, we describe the cloning and characterisation of the X. tropicalis p27
Xic1 . We interfere with the function of this gene by knocking down the endogenous protein with injection of an antisense MO. We report that p27
Xic1 is necessary for neuronal differentiation to occur at the neural plate stage. In the absence of p27
Xic1 , neural cells accumulate in a progenitor cell state, characterised by BrdU incorporation and ElrC expression. Finally, we report the cloning of a p27
Xic1 genomic fragment and the isolation of a 5 0 flanking region that drives p27 Xic1 expression specifically in the neural tube and the eye.
Results

Isolation of X. tropicalis p27 Xic1
We have isolated the X. tropicalis p27
Xic1 ortholog from a neurula cDNA library and found that it shared 90% identity at the amino acid level to X. laevis p27 Xic1 (Fig.  1A) . The library from which p27
Xic1 was cloned has since been arrayed and included in the X. tropicalis EST project which is taking place in collaboration with the Sanger Institute (http://www.sanger.ac.uk/Projects/X_tropicalis/). Several other clones emerged from this project and those that included the putative start ATG were clustered (Fig.  1B) . The clones in this cluster ranged between 99 and 100% nt identity over the available sequence when compared to our p27
Xic1 clone (with the exception of clone TNeu143k02 which had poor sequence quality). By contrast, the similarity between the X. laevis paralogs p27
Xic1 and p28
Kix1 is only 92% nt (90% aa). The X. tropicalis p27
Xic1
was equidistant in sequence similarity to p27 Xic1 and p28
Kix1 (90% at the nt and aa level) suggesting that indeed, X. tropicalis has one p27 gene while X. laevis has two.
In order to design an effective MO for the X. tropicalis p27
Xic1 we took advantage of the EST clustering to ensure that the target sequence was free of polymorphisms (Fig.  1B) . None of the available X. tropicalis ESTs nor the X. laevis cDNA sequence had an in frame-stop codon upstream of the predicted initiator methionine. Therefore, to verify the predicted initiator methionine of X. tropicalis p27 Xic1 , we looked at the genomic sequence, which we isolated by screening a genomic library. This allowed us to confirm the predicted translational start site of p27 Xic1 , as we found a stop codon 291 bases upstream of the initiator methionine and no other ATGs in the intervening sequence (Fig. 1C) .
Expression pattern of Xenopus p27 Xic1
Whole-mount in situ hybridisation of X. tropicalis p27
Xic1 revealed that it is expressed from late gastrula (stage 12.5) in the mesoderm, in an area dorsal to the blastopore (data not shown). In the early neurula embryo (stage 13) expression was much stronger and had expanded anteriorly along the dorsal side of the embryo (Fig. 2A) . The bulk of the expression corresponded to the somites and the notochord, two mesodermal tissues that become postmitotic very early in Xenopus development (Hardcastle and Papalopulu, 2000; Saka and Smith, 2001 ). This expression continues throughout the neurula stages ( Fig.  2B ) and in addition p27
Xic1 starts being expressed in the sensorial layer of the neuroectoderm from which primary neurons are derived (arrow, Fig. 2F ). This correlates with the time that some cells exit the cell-cycle and undergo neuronal differentiation. p27
Xic1 is also expressed in the deep layer of the non-neural ectoderm, in a punctate pattern, most likely corresponding to the ciliated cells of the epidermis that are also born around this time (data not shown). At stage 27, the neural expression continues in the eye and neural tube while the mesodermal expression is confined to the tailbud (Fig. 2C) . Consistent with the high sequence conservation, no significant differences have been detected from the X. laevis p27
Xic1 pattern of expression (Figs. 2D,E). Xic1 is expressed in the mesoderm of the tailbud, the neural tube and the eye. In the whole mounts, anterior is to the left.
Inhibition of p27
Xic1 interferes with primary neuronal differentiation
We have previously shown that in X. laevis, the misexpression of p27
Xic1 is sufficient to block cell division at the neural plate stage (Hardcastle and Papalopulu, 2000) .
To determine if p27
Xic1 is necessary for cell cycle exit and/ or primary neuronal differentiation, we injected the antisense MO targeted to the sequence shown in Fig. 1B , or a specific 4 bp mismatch control MO. Western blot analysis verified that the p27
Xic1 MO successfully interfered with translation of the endogenous p27
Xic1 mRNA, whilst the control MO did not (Fig. 3A) . To analyse the affect of interfering with p27
Xic1 levels in the neuroectoderm we assessed the expression of pan-neural marker Sox3 and the neuronal cell marker, N-tubulin. The p27
Xic1 morpholino oligo reduced and in some cases completely abolished Ntubulin expression; this was seen in 67% of cases (n ¼ 54; Fig. 3B ). However, specification of the neuroectoderm was not reduced by the p27 Xic1 MO as shown by the normal expression of Sox3 (n ¼ 39; Fig. 3B ), suggesting that that p27
Xic1 is necessary for primary neuronal differentiation but is not involved in the early specification of the neuroectoderm. The control MO had no affect on either of these markers.
ElrC is expressed in neural progenitor cells as they progress towards differentiation
Embryos injected with p27
Xic1 MO appeared morphologically normal at the neural plate stage of development. This raised the question of whether depletion of p27
Xic1 is indeed affecting the cell cycle. Functional redundancy between cell cycle inhibitors, could render p27
Xic1 dispensable for cell cycle exit. Furthermore, we wanted to find out what alternative fate might be adopted by the p27 Xic1 depleted cells that do not express N-tubulin. Therefore, we sought to identify a neural marker that would allow us to answer these questions. The embryonic lethal abnormal vision (elav)-like family of genes encode RNA-binding proteins, most of which are neural specific, from Drosophila to vertebrates (reviewed in Good, 1995; Perrone-Bizzozero and Bolognani, 2002) . In X. laevis, elav-related genes (Elr) are expressed in different subregions of the brain and spinal cord (Perron et al., 1999b) . We identified a X. tropicalis ElrC homolog from the EST database (see Section 4) and characterised its expression in relation to N-tubulin. ElrC is expressed from stage 12 and at stage 16 in whole mounts the pattern is very similar to N-tubulin (Figs. 4A,B) , as previously reported for the X. laevis homologue (Perron et al., 1999b Fig. 4D , arrowhead) suggesting that it marks a subset of progenitor cells that are either still proliferating or have recently undergone their last division prior to differentiation.
This was consistent with the pattern of expression at later stages. After neural tube closure, ElrC staining was not observed in the proliferating progenitors of the ventricular zone but in cells immediately adjacent to it ( Fig. 4F ; inset BrdU staining). ElrC expression showed some overlap with N-tubulin in the most laterally located cells but ElrC was clearly expressed closer to the ventricular zone than Ntubulin (Figs. 4E,F) . As cells differentiate, they move away peripherally from the ventricular zone (reviewed in Fig. 3 . Effect of p27
Xic1 MO on neuronal differentiation. (A) Western blot verifying p27 Xic1 MO reduces the amount of endogenous p27 Xic1 in X. tropicalis and the specific control MO has no affect, nPKC is a loading control. (B) X. tropicalis embryos were injected with p27
Xic1 MO or control MO and were analysed at stage 18 for Sox3 or N-tubulin expression (purple) and BrdU incorporation (brown nuclei), as indicated. In the whole mounts, the injected side is towards the lower part of the panels and shown by detection of the FITC MO lineage tracer (light blue). Arrows point to the missing N-tubulin expression on the injected side. Hollyday, 2001) . Therefore, ElrC is likely to be expressed in progenitor cells as they are starting to withdraw laterally from the ventricular zone.
Analysis at later stages, when differentiation on the neural tube has progressed further, confirmed these findings; ElrC continued to be expressed in an intermediate zone between the proliferative cells of the ventricular zone and the fully differentiated cells of the marginal zone (Figs. 4G,  H) . Analysis of this later stage additionally showed that the most peripherally positioned N-tubulin positive cells do not express ElrC, suggesting that when cells differentiate they eventually switch ElrC off.
Taken together, the analysis of several developmental stages suggests that ElrC expression marks cells as they make the transition from proliferation to differentiation.
The number of proliferating ElrC cells increases in the absence of p27
Xic1
ElrC expression was examined in p27
Xic1 MO injected embryos. In contrast to the reduction of N-tubulin, an increase in ElrC was observed (44%, n ¼ 41, Figs. 5B,E). When combined with a BrdU incorporation assay, we found an increase in ElrC þ , BrdU þ cells (Fig. 5E ), suggesting that there is an increase in proliferation in the absence of p27
Xic1 . In an independent experiment, we quantified the number of ElrC þ , BrdU þ cells, in the presence and absence of p27
MO. We found that there was a statistically significant increase in ElrC þ , BrdU þ cells in the p27 Xic1 MO injected side of the embryo (Fig. 5J) . The mismatched control MO did not have this effect (Figs. 5C,F,J) . Both experimental and control MO caused cause some delay in the convergence of the injected side towards the dorsal midline (Figs. 5D,E,F) . This gave the impression of neural tissue expansion but as it is present in both control and experimental MOs we believe that it is an injection artefact. Indeed, delay and flattening of the injected side are common artefacts of MO injections (Heasman, 2002 ; own unpublished observations). To verify this, we compared ElrC expression on the injected side of control MO injected embryos with ElrC expression in younger uninjected embryos. We found that a 'gap' in ElrC expression on the control MO injected side (Fig. 5F , arrow) was similar to a 'gap' in ElrC expression at earlier stages (Fig. 5F, inset, arrow) . Importantly, this ElrC 'gap' was not observed in the p27 Xic1 MO injected embryos (arrow, Fig.  5E ) demonstrating that there was a net increase in the number of ElrC positive cells in these embryos.
Xenopus embryos do not feed at this stage, therefore, any increase in proliferation should result in smaller cells. Indeed, the nuclei on the p27
Xic1 MO injected side were smaller and their labeling was fainter as one would expect from dilution of the BrdU label upon increased divisions (Figs. 5G -I ).
These observations suggest when p27 Xic1 is depleted, cells in the neural plate proliferate more and fail to differentiate into neurons. Instead, cells appear to be retained in a normally transitory, ElrC þ , N-tubulin 2 , state.
A genomic fragment that drives p27 Xic1 transcription in the nervous system
The expression of p27
Xic1 is spatially restricted in the embryo, revealing a transcriptional component in its regulation. What activates p27 Xic1 expression in the right place? As a first step in answering this question, we have isolated a 14 kb genomic fragment containing the p27 Xic1 , including 4.7 kb of 5 0 flanking sequence (Fig. 6A) . Unlike the murine related gene (Kwon et al., 1996) , p27
Xic1 has no introns in the coding sequence, although one 800 nt intron was found in the 3 0 UTR, 7 nt after the stop codon, similar to the murine gene. To test the 5 0 -flanking region for transcriptional activity we generated transgenic X. laevis with the 4.7 kb 5 0 DNA fragment driving GFP. The p27 Xic1 - GFP construct showed specific expression in the neural tube and the eye in 40% (n ¼ 219) of the animals (Figs. 6B -D) in a pattern similar to the X. tropicalis endogenous gene (see Figs. 6E,F) . However, two elements of this expression are missing in the transgenics as we do not see mesodermal expression in the tailbud or expression in the brain (arrowheads, Fig. 6E ). A smaller number 18% (n ¼ 219), showed widespread and spotty expression, most likely due to unincorporated plasmid DNA. We conclude that the 4.7 kb 5 0 fragment contains the necessary elements to recapitulate the majority of p27
Xic1 expression in neural tissue.
Discussion
We have cloned the X. tropicalis homologue of the cell cycle inhibitor p27
Xic1 and we have assayed the effect of knocking down its protein level in proliferation and primary neuronal differentiation.
Our analysis showed that X. tropicalis have one copy of p27 Xic1 while X. laevis has two closely related genes (paralogs), p27
Xic1 and p28 Kix1 . No significant differences were observed in the expression of the X. laevis and X. tropicalis clones, suggesting that in general a parallel use of the two systems is feasible (see also Khokha et al., 2002) .
Loss of function studies may be better performed in X. tropicalis due to its diploidy and the supporting sequencing projects, while gain of function and embryological manipulation experiments may be easier in X. laevis, where the embryos are bigger and more robust.
The cell cycle is regulated by both positive and negative mechanisms and some redundancy in this regulation may be inherent (reviewed in Zhang, 1999) . For example, knocking down the Xenopus XGadd45-g, which is also expressed in cells destined to exit mitosis, had no effect on proliferation (Calle-Mustienes Ede et al., 2002) . With the p27 Xic1 MO, we have been able to demonstrate an increase in proliferation in the ectoderm of the neural plate suggesting that p27
Xic1 is necessary for cells to exit the cell cycle. This is consistent with findings in Drosophila and mammals with p27
Kip1 -like members of the Cip/Kip family of CDK inhibitors (de Nooij et al., 1996; Lane et al., 1996; Kiyokawa et al., 1996; Nakayama et al., 1996; Durand et al., 1998; reviewed in Hollyday, 2001) .
We found that p27 Xic1 is also necessary for neuronal differentiation, as embryos injected with the p27 Xic1 MO lack the terminal differentiation marker N-tubulin. Concomitant with the suppression of N-tubulin we observed an increase in the number of cells that express ElrC, encoding an RNA binding protein. Our analysis showed that in normal development, expression of ElrC with simultaneous absence of N-tubulin represents a transition state between proliferative progenitors and post-mitotic neurons. Therefore, our data suggest that depletion of p27 Xic1 results in a selective accumulation of the ElrC þ progenitor cells. Vernon et al. (2003) , in their recent work in X. laevis, have found that p27 Xic1 MO injection suppressed N-tubulin expression but had very little effect on X-NGNR-1 expression. As Vernon et al. (2003) did not report the upregulation of any markers in the p27
Xic1 MO injected embryos, the fate of p27
Xic1 depleted cells that fail to express N-tubulin was unclear.
In the neural tube X-NGNR-1 is normally expressed in cells of the ventricular zone Bellefroid et al., 1996) , while ElrC is expressed in cells that lie between the ventricular zone and the fully differentiated marginal zone. Therefore, our findings, taken together with those of Vernon et al. (2003) , suggest that depletion of p27
Xic1 results in a specific increase of a transitory state of progenitor cells. Perhaps this is analogous with the situation in the adult mammalian brain, where loss of p27
Kip1 has no effect on the number of stem cells but increases the number of transit-amplifying progenitors (Doetsch et al., 2002) . Interestingly, overexpression of ElrC in X. laevis suppresses N-tubulin expression (Perron et al., 1999a) , providing a possible mechanistic explanation for the lack on N-tubulin in the p27
Xic1 MO injected embryos.
In mammals, the regulation of p27 Kip1 is thought to occur predominantly at the post-transcriptional level (reviewed in Ekholm and Reed, 2000) . The Xenopus p27
Xic1 is also post-transcriptionally regulated (Yew and Kirschner, 1997; Swanson et al., 2000; Chuang and Yew, 2001) . Consistent with this mode of regulation, the mammalian p27 kip1 promoter is activated by the ubiquitously expressed Sp1 (Zhang and Lin, 1997) . However, recent evidence has revealed a role of forkhead genes in the transcriptional regulation of p27 kip1 Dijkers et al., 2000) . In Drosophila, both bHLH and homeodomain proteins have been implicated in the transcriptional control of the p27 Kip1 like Drosophila gene Dacapo, although whether this is direct regulation has not been demonstrated yet (Wallace et al., 2000; Liu et al., 2002) .
In X. laevis, the telencephalic forkhead domain gene XBF-1 has been proposed as a candidate to regulate p27 Xic1 expression (Hardcastle and Papalopulu, 2000) . However, while XBF-1 may regulate p27
Xic1 in the forebrain, it is unclear what factors regulate p27
Xic1 in the rest of the neural tube. As a first step in answering this question we have isolated a genomic p27
Xic1 clone and showed that a 4.7 kb of the 5 0 flanking sequence drives expression in the CNS and the eye. We are in the process of establishing transgenic lines with this p27 Xic1 -GFP construct, which will be invaluable in a functional screen for regulators of p27 transcription.
Materials and methods
cDNA library screening
A X. tropicalis stage 14-20 cDNA library (Aaron Zorn and Julia Mason) was transformed by electroporation into ElectroMAX DH10B Cells (Gibco BRL, Life Technologies), these cells were then amplified and harvested. Approx. 150,000 colonies were screened with a probe made against X. laevis p27
Xic1 (FspI/PstI digest). The X. tropicalis cDNA clone was sequenced and found to contain the entire coding sequence. This library has since been arrayed (N. Papalopulu, E. Amaya and J. Smith) and the Sanger Institute has produced approximately 55,000 5 0 ESTs from it, as part of the X. tropicalis EST project (http://www.sanger.ac.uk/ Projects/X_tropicalis/). This site was used to identify Sox3 (TGas033b24) and ElrC (TNeu036a03) clones.
The p27 Xic1 EST cluster had differences from the sequence shown in Fig. 1B in the following ESTs: TNeu087e02, TNeu125l24, TNeu143k02. The traces for these sequences were examined (http://trace.ensembl.org/) and the following corrections were made TNeu087e02, 30G ! C; TNeu125l24, 8T ! A, 26G ! C, 29AAGC ! TCCA, 34C ! A; TNeu143k02, insert A between 34CC, delete 42A.
In situ hybridisation
In situ hybridisation was carried out as described by Harland (1991) . Double in situ hybridisation was performed as previously described (Knecht et al., 1995) . Antisense RNA probes of p27 Xic1 , Sox3, ElrC and N-tubulin were transcribed with incorporation of digoxigenin-11-UTP, as previously described (Harland, 1991) . The substrate of the chromogenic reaction was 5-bromo-6-chloro-3-indolylphosphate (magenta phos.; magenta colour) and for double in situ the second substrate was, 5-bromo-4-chloro-3-indolyl-phosphate (BCIP; light blue colour).
Morpholinos
The FITC MO is Gene Tools' standard control (http:// www.gene-tools.com/), p27
Xic1 and control ( p27 Xic1 mismatched) MOs were designed and produced by Gene Tools. The sequence for the X. tropicalis p27
Xic1 MO was GCAGGGCGATGTGGAAGGCAGCCAT (one nt difference from X. laevis) and the sequence for the control MO was GCAcGGCcATGTGGAAGGgAGCgAT.
Embryo culture and injections
X. tropicalis embryos were obtained from adult females by hormone-induced egg laying and in vitro fertilisation (Khokha et al., 2002) . Embryos were staged according to Nieuwkoop and Faber (1967) . One blastomere of two cell stage embryos was injected with 5 ng of p27
Xic1 MO or 5 ng of control MO; both were co-injected with 0.5 ng of FITC MO as a lineage tracer. The FITC MO distribution was revealed by incubation with anti-FITC-AP antibody followed by alkaline phosphate reaction with BCIP substrate. Embryos were incubated overnight at 228C and fixed at neural plate stage for 1 h.
Western blot analysis
Protein was extracted from stage 16 X. tropicalis that were injected with 10 ng of p27 Xic1 MO or 10 ng of control MO at the one cell stage. Proteins were separated on a 12% SDS-containing acrylamide gel and transferred onto nitrocellulose. The blot was hybridised with a rabbit antibody against X. laevis p27 Xic1 (1/1000; a gift of S. Ohnuma), the secondary antibody was goat-anti-rabbit-HRP (1/5000; Jackson Immunoresearch Laboratories, 111-036-006) and processed by ECL plus (Amersham). The chemiluminescent signal was detected using Hyperfilm ECL (Amersham). Blots were stripped and rehybridised with a rabbit nPKC antibody (1/500; Santa-Cruz, sc-216) and the same secondary antibody as a loading control.
BrdU incorporation assay and sectioning
To examine the pattern of proliferation in experimental embryos, 2 nl of 5-bromo-deoxyuridine (BrdU; Boehringer Mannheim, kit 1299964) was injected into each of three positions around the embryo. One hour post-injection embryos were fixed for 1 h. To combine in situ hybridisation with immunohistochemistry, the alkaline phosphatase activity was terminated by four 30 min washes in methanol. The BrdU incorporation was then detected using the substrate diaminobenzidine (Sigma; brown colour) as previously described (Hardcastle and Papalopulu, 2000) . Following in situ hybridisation and BrdU staining embryos were re-fixed in MEMFA overnight. Embryos were then sectioned by embedding in a gelatin/albumen mixture, solidified with glutaraldehyde. Sections (30 mm) were cut on a Leica VT1000M vibratome and mounted in 90% glycerol.
Genomic library screen and Transgenics
Genomic p27
Xic1 was isolated by screening 50,000 plaques of a genomic X. tropicalis lFix II phage library (a gift of L. Zimmerman and R. Harland) with a probe corresponding to the 5 0 end of the p27 Xic1 cDNA. A 14 kb l clone insert was isolated and a 6.2 kb fragment containing 5 0 sequences was subcloned. A 4.7 kb XmnI fragment of this genomic clone, containing 30 aa of the p27
Xic1 was fused in frame with GFP and 100 ng NotI linearised plasmid was used to generate transgenic X. laevis, as previously described (Amaya and Kroll, 1999; Kroll and Amaya, 1996) .
